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Amendments to the Claims: 

The listing of claims will replace all prior versions, and listings, of claims in the 
application: 

Listing of Claims: 

1 . (Currently Amended) An optical apparatus comprising: 
a microscope optical system having: 
a light source, 

an illumination optical system for leading that leads light emitted from said the 
light source to an object to be observed, 

an imaging optical system for forming that forms an image of said the object, 

and 

at least one polarizing member for separating that separates the light from $m& 
the light source into two polarized components; 

an adjusting member for changing that chanees an amount of retardation between saM 
the two polarized components; a**d 

an image pick-up member for photographing that picks up a differential interference 
contrast image of sm4 the object; and 

a computer, 

wherein the computer performs a difference operation and a sum operation for each 
pair of corresponding pixels in pictures of two differential interference contrast images of 
the object that are picked up by the image pick-up member and that have retardations 
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equal in amount and different in sign, to obtain difference image information and sum 
image information, and detects an amount of phase OQr.y) on a surface of the object 
corresponding to image information for each pixel by using one of the following 
equations: 

operated through a process for photographing two differential interference contract 
images relative to oaid object in which amounts of retardation arc equal, but have 
different signs, 

wherein a processing unit is provided and io operated through a calculation proccoo for 
performing a differential calculation and a summed calculation relative to respective 
pixels corresponding to said two differential interference contrast images to obtain 
differential image information and summed image information and a calculation process 
for detecting an amount of phase on a surface of oaid object by using one of the following 
equations; 

<D (jcj/) = k • {(l-cos0 • d (jcjO / a) 

I {sin0 • [\-{d (x,y) / a} 2 1 2]} 
O (x,y) = k * tan- 1 [{(1 - cos0) • d (xy) I a} 

/{sin0 • [\-{d (x,y) I a } 2 1 2]}] 

where Ois the amount of retardation s ZXjc.v) is the difference image information. S(x,v) is the 
sum image information. 0(x,y) is said the amount of phase on the surface of said the object 
corresponding to oaid differential image information and said summed image information; 
when oaid differential image information io rcprcocntcd by D(x,y) for each pixel . d(x,y) is 
image information in which oaid differential that is yielded by deconvolution of the 
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difference image information D(x,y) io dcconvolutcd by using an optical transfer function of 
sm4 the microscope optical system ; when oaid summed imago information io represented by 
£(x,y) , a is an average value of oaid oummcd the sum image information S(Xiy)=€m&z k = AJ4tt, 
where and A is a wavelength. 



2. (Currently Amended) An optical apparatus comprising: 
an interference optical system having: 
a light source, 

an illumination optical path for leading that leads light emitted from said the light 
source to an object to be observed, and 

a reference optical path for loading that leads the light from said the light source to a 
reference surface; s§*d 

an image pick-up member for photographing that picks up an interference image of said 
the object formed by said the interference optical system; and 

a computer, 

wherein a proccooing unit io provided and io operated through a calculation procoso for 
detecting the computer detects an amount of phase Ofjc^v) on a surface of said the object 
by using one of the following equations: 

®(x,y) = k- {h(x,y)/J m (xy)} 

/{[l- {hix^/Jmixy)}*/!]} 

(D (x,y) = k • tan" 1 [k • {h (x,y) I Jm (x,y) } 
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/{[l-{h(xy)/Jm0cy)} 2 /2]}] 

where when H(x*v) is image information in which that is a phase distributionof said the 
object is as picturized i s represented by H(x,y) 9 h(x,y) is image information in which said that 
is yielded by deconvolution of the image information H(x,y) io dcconvolutod by using an 
optical transfer function of said the interference optical systeira=whe B, J(x«v) is image 
information in which that is an intensity distribution is as picturized io represented by J(x,y) 9 
Jm( x <>y) is image information in which maxima of said the image information J(x are 
enveloped^ 0(xj>) is said the amount of phase on the surface of said the object ; and A k — XIAn^ 
where and X is a wavelength. 

3. (Currently Amended) An optical apparatus comprising: 
a microscope optical system having: 
a light source, 

an illumination optical system for leading that leads light emitted from said the light 
source to an object to be observed, 

an imaging optical system for forming that forms an image of said the object, and 

at least one polarizing member for separating that separates the light from said the light 
source into two polarized components; 

an adjusting member for changing that changes an amount of retardation between said the 
two polarized components; a&d 

an image pick-up member for photographing that picks up a differential interference 
contrast image of said the object; and 
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a computer, 

wherein the computer performs a difference operation and a sum operation for each pair 
of corresponding pixels in pictures of two differential interference contrast images of the 
object that are picked up by the image pick-up member and that have retardations equal in 
amount and different in sign, to obtain difference image information and sum image 
information, and detects an amount of phase <3>(x y v) on a surface of the object by using 
one of the following equations: 

operated through a proccoo for photographing two differential interference contrast 
images relative to said object in which amounts of retardation arc equal, but have 
different signs, 

wherein a processing unit io provided and io operated through a calculation proccoo for 
performing a differential calculation and a summed calculation relative to respective 
pixels corresponding to said two differential interference contrast images to obtain 
differential image information and summed imago information and a calculation process 
for detecting an amount of phase on a surface of said object by using one of the following 
equations: 

<D (xjO = * - {(1 - cos 9) ■ d (x,y)/j3(x 9 y) } 

/ {sin0- [1 - {d(xy)/fl(xy) } 2 /2]} 
<D (x,y) = k • tan-i [{(1 - cos#) • d (xy) ipixy) } 

/ {sin0- [\-{d{xy) ip(xy) }V2]>] 

where Q'\s the amount of retardation* between the two polarized components, D(x,v) is the 
difference image information, S(x^y) is the sum image information, 0(x,y) is saW the 



Page 6 of 34 



Appl.No. 09/664,723 

Amdt. dated September 15, 2003 (Mon.) 

Reply to Office Action of March 14, 2003 



amount of phase on the surface of sski the object corresponding to oaid differential image 
information and oaid summed image information; when oaid differential imago 
information is rcprcoontcd by D(x,y) for each pixel d(x,y) is image information in which 
oaid differential that is yielded by deconvolution of the difference image information 
D(x,y) io dcconvolutcd by using an optical transfer function of sa*4 the microscope optical 
system ; when said oummcd image information io rcprcocntcd by S(xjt) 9 £Kx>y) is image 
information enveloping in which maxima of oaid oummcd the sum image information 
S(x,y) ; and are enveloped, k = X/Ak, where and X is a wavelength. 

4. (Currently Amended) An optical apparatus comprising: 
a microscope optical system having: 
a light source, 

an illumination optical system for leading that leads light emitted from the light 
source to an object to be observed, 

an imaging optical system for forming that forms an image of said the object, and 

at least one polarizing member for separating that separates the light from said the light 
source into two polarized components; 

an adjusting member for changing that changes an amount of retardation between said the 
two polarized components; asd 

an image pick-up member for photographing that picks up a differential interference 
contrast image of said the object; and 

a computer. 
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wherein the computer performs a difference operation and a sum operation for each pair 
of corresponding pixels in pictures of two differential interference contrast images of the 
object that are picked up by the image pick-up member and that have retardations equal in 
amount and different in sign, to obtain difference image information and sum image 
information, and detects an amount of phase <&(x,v) on a surface of the object 
corresponding to image information for each pixel by using one of the following 
equations: 

operated through a process for photographing two differential interference contract 
images relative to said object in which amounts of retardation arc equal, but have 
€&g fercnt signs, 

wherein a processing unit is provided and is operated through a calculation process for 
performing a differential calculation and a summed calculation relative to respective 
pixels corresponding to said two differential interference contrast images to obtain 
differential image information and summed imago information and a calculation process 
for detecting an amount of phase on a surface of said object by using one of the following 
equations: 

O (xy) = k • {(1-cos 0) d (x,y) }/{sin 0 • T (xj/) } 

O (x 9 y) = k * tan-i [k • {(l^cos0) • d (x,y) } / {sin 0 • T (x,y) }] 

Where #is the amount of retardationf between the two polarized components as detected, 
D(x.v) is the difference image information, S(x.v) is the sum image information, <E>(x,y) is sm4 
the amount of phase on the surface of &m4 the object corresponding to said differential image 
information and said summed imago information; when said differential image information io 
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represented by D(x,y) for each pixel , d(x,y) is image information in which oaid differential 
that is yielded by deconvolution of the difference image information D(x y y) is dcconvolutcd 

using an optical transfer function of said the microscope optical system ; when said 
oummcd image information is represented by S(x,y) , r(xy) is image information in which that 
is composed of information of a low- frequency component *s extracted from oaid oummcd the 
sum image information S(x y y) ; and A k = X/4tt 9 whe r e and X is a wavelength. 

5. (Currently Amended) An optical apparatus comprising: 
an interference optical system having: 
a light source, 

an illumination optical path for leading that leads light emitted from said the light 
source to an object to be observed, and 

a reference optical path for leading that leads the light from said the light source to a 
reference surface; aad 

an image pick-up member for photographing that picks up an interference image of said 
the object formed by said the interference optical system; and 

a computer, 

wherein a processing unit io provided and io operated through a calculation proccoo for 
detecting the computer detects an amount of phase O(x.v) on a surface of said the object 
by using one of the following equations: 

0>(xj/) = *- {h(x,y)/Jc}/ {[l-{h(xy)/Jc}i/2]} 
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d> (x,y) = k * tan-i [k • {h (xj/) / Jc} I {[1 - {ft (x,y) /Jc} 2 / 2]}] 

where when //fay) is image information in which that is a phase distribution of said the 
object is as picturized io represented by H(x,y) by the interference optical system . h(xy) is 
image information in which oaid that is yielded by deconvolution of the image information 
H(x,y) io dcconvolutcd by using an optical transfer function of said the interference optical 
system ; when . J(x r v) is image information in which that is an intensity distribution is as 
picturized io represented by J(x,y) , J c is a an average value in which of maxima of said the 
image information J(x,y) arc averaged^ <t>(x 5 y) is the amount of phase on the surface of sai4 
the object ; and A k = AJ4tt 9 where and A is a wavelength. 



6. (Currently Amended) An optical apparatus comprising: 
an interference optical system having: 
a light source, 

an illumination optical path for leading that leads light emitted from said the light 
source to an object to be obGcrvc observed , and 

a reference optical path for loading that leads the light from said the light source to a 
reference surface; aad 

an image pick-up member for photographing that picks up an interference image of said 
the object formed by said the interference optical system; and 

a computer. 



Page 10 of 34 



AppLNo. 09/664,723 

Amdt. dated September 15, 2003 (Mon.) 

Reply to Office Action of March 14, 2003 



wherein a processing unit is provided and io operated through a calculation procooo for 
detecting the computer detects an amount of phase <&(x r v) on a surface of sa*4 the object 
by using one of the following equations: 

<D(xjO = *• {h(x 9 y)/Ja(x y y)} 

I {V-{h(x 9 y)/Ja(x,y)}2/2]} 
O (x,y) = k ■ tan-' [k • {h (x,y) I Ja (x 9 y) } 

I {[l-{h(x,y)/Ja(x,y)}2/2]}] 

where when H(x.v) is image information in which that is a phase distribution of said the 
object is as picturized io represented by II(x 9 y) by the interference optical system . h(xy) is 
image information in which said that is yielded by deconvolution of the image information 
H ( x >y) io deconvolved by using an optical transfer function of said the interference optical 
system ; when ^J(x y v) is image information in which that is an intensity distribution is=as 
picturized io represented by J(x,y) , J a (x 9 y) is a an average value in which said of the image 
information J(x, y) io divided as calculated for a predetermined region and which is averaged 
in said region; therein, <3>(x,y) is the amount of phase on the surface of said the objectt«*4 k 
= A/ 4k, where and A is a wavelength. 



7. (Currently Amended) An optical apparatus comprising: 
an interference optical system having: 
a light source, 

y 

an illumination optical path for leading that leads light emitted from said the light 
source to an object to be observe, and 
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a reference optical path for loading that leads the light from said the light source to a 
reference surface; aiid 

an image pick-up member for photographing that picks up an interference image of said 
the object formed by said the interference optical system; and 

a computer, 

wherein a proccooing unit io provided and io operated through a calculation proccoo for 
detecting the computer detects an amount of phase on a surface of said the object by using 
one of the following equations: 

®(x,y) = k - {h <Xy) / JL (x,y) } 

I {[l-{h(x >y )/JL(x 9 y)p/2]} , 
0> (x,y) = k • tan 1 [k * {h (x,y) /JL (x,y) } 

I {[l-{h(x,y)/JL(xy)}2/2]}] 

where whes H(x,v) is image information in which that is a phase distribution of said the 
object is as picturized io represented by II(x 9 y ) by the interference optical system . h(xy) is 
image information in which said that is yielded by deconvolution of the image information 
H ( x &) is deconvo luted by using an optical transfer function of said the interference optical 
systemf=whea, J(x x y) is image information in which that is an intensity distribution is as 
picturized io rcprcocntcd by J(x,y) , J L (x,y) is image information in which that is composed of 
information of a low-frequency component is extracted from said the image information 
J&*y}ti 0>(x*y) is the amount of phase on the surface of said the objectt^d, k = XI An, whero 
and X is a wavelength. 
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8. (Currently Amended) An optical apparatus comprising: 
a microscope optical system having: 
a light source, 

an illumination optical system for leading that leads light emitted from said light source 
to an object to be observed, 

an imaging optical system for forming that forms an image of the object, and 

at least one polarizing member for separating that separates the light from said the light . 
source into two polarized components; 

an adjusting member for changing that changes an amount of retardation between sm4 the 
two polarized components; asd 

an image pick-up member for photographing that picks up a differential interference 
contrast image of sm4 the object; and 

a computer. 

wherein the computer performs a difference operation and a sum operation for each pair 
of corresponding pixe ls in pictures of two differential interference contrast images of the 
object that are picked up by the image pick-up member and that have retardations equal in 
amount and differen t in sign, to obtain difference image information and sum image 
information, and detects a phase distribution <3>(x.v) on a surface of the object by using the 
following equation: 

operated through a process for photographing two differential interference contrast 
images relative to said object in which amounts of retardation arc equal, but have 
different signs, 
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wherein oaid optical apparatus io operated through a proccoo for performing a differential 
calculation and a oummcd calculation relative to rcopcctivc pixels corresponding to oaid 
two differential interference contract images to obtain differential image information and 
oummcd image information and a proccoo for calculating a phase distribution from oaid 
differential image information and oaid oummcd image information, having a processing 
unit operated through a calculation proccoo for detecting a phaoo distribution on oaid 
object by using the following equation: 

<I>(x,y) = <p(x y y)/ {l-[cp{x,y)Y/2} 

where cp (x,y) is a phase distribution that is calculated from oaid differential the difference 
image information and oaid oummcd the sum image information and <t> (x,y) is the phase 
distribution on sm4 the surface of the object. 

9. (Currently Amended) An optical apparatus comprising: 
a microscope optical system having: 
a light source, 

an illumination optical system for leading that leads light emitted from s&4 the light 
source to an object to be observed, 

an imaging optical system for forming that forms an image of the object, and 

at least one polarizing member for separating that separates the light from the light 
source into two polarized components; 

an adjusting member for changing that changes an amount of retardation between saM the 
two polarized components; 3f*4 
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an image pick-up member for photographing that picks up a differential interference 
contrast image of said object; and 

a computer. 

wherein the computer performs a difference operation and a sum operation for each pair 
of corresponding pixels in pictures of two differential interference contrast images of the 
object that are picked up by the image pick-up member and that have retardations equal in 
amount and different in sign, to obtain difference image information and sum image 
information, processes the difference image information with a deconvolution operation 
using an optical transfer function of the imaging optical system, calculates out a phase 
distributi on from the difference image information that has undergone the deconvolution 
operatio n and the sum image information, and detects a phase distribution <£>(x.v) on a 
surface of the object using the following equation: 

operated through a process for photographing two differential interference contrast 
images relative to paid object in which amounts of retardation arc equal, but have 
different signs, 

whernin rnid nptiVnl nppnmtnn in npnm^rf through n procegg for performing a differential 
calculation and a summed calculation relative to respective pixels corresponding to paid 
two differential interference contrast images to obtain differential image information and 
summed imago information, a proccps for using an optical transfer function of paid 
imaging optical pyptcm for deconvolution processing of said differential imago 
information, and a process for calculating a phase distribution from said differential 
image information obtained by the deconvolution processing and said summed imago 
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information, having a proccooing unit operated through a calculation process for detecting 
a phage distribution on paid object by using the following equation: 

where ^(x 5 y) is a the phase distribution calculated out from oaid differential the difference 
image information obtained by that has undergone the deconvolution proccooing operation 
and oaid summed the sum image information and O (x,y) is a the phase distribution on said 
the surface of the object. 

10. (Currently Amended) An optical apparatus comprising: 
a microscope optical system having: 
a light source, 

an illumination optical system for leading that leads light emitted from said the light 
source to an object to be observed, 

an imaging optical system for forming that forms an image of said the object, and 

at least one polarizing member for separating that separates the light from said the light 
source into two polarized components; 

an adjusting member for changing that changes an amount of retardation between said the 
two polarized components; aad 

an image pick-up member for photographing that picks up a differential interference 
contrast image of said object; and 

a computer. 
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wherein the computer detects a phase distribution O(x.v) on a surface of the object from 
at least three differential interference contrast images that are picked up by the image 
pick-up member and that have different amounts of retardation by using the following 
equation: 

operated through a process for photographing at least three differential interference 
contrast imagco of different amounto of retardation, 

wherein said optical apparatus is operated through a proccoo for calculating a phase 
distribution from said at least three differential interference contrast images of different 
amounts of retardation, having a processing unit operated through a calculation proccoo 
for detecting a phase distribution on said object by using the following equation: 

<D(x,y) = <P/(x,y)/ {l-[<p f (x,y)Y/2} 

where <p f (x,y) is a phase distribution calculated from §eM the three differential interference 
contrast images and <I>(x,y) is a the phase distribution on sai4 the surface of the object. 

1 1 . (Currently Amended) An optical apparatus comprising: 
a microscope optical system having: 
a light source, 

an illumination optical system for leading that leads light emitted from sm4 the light 
source into an object to be observed, 

an imaging optical system for forming that forms an image of em4 the object, and 
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at least one polarizing member for ocparating that separates the light from saW the light 
source into two polarized components; 

an adjusting member for changing that changes an amount of retardation between sm4 the 
two polarized components; asd 

an image pick-up member for photographing that picks up a differential interference 
contrast image of said the object; and 

a computer. 

wherein the computer calculates out a phase distribution from at least three differential 
interference contrast images that are picked up by the image pick-up member and that 
have different amounts of retardation, processes the phase distribution with a 
deconvol ution operation using an optical transfer function of the imaging optical system, 
and detects a phase distribution Ofx.v) on a surface of the object using the following 
equation: 

operated through a process for photographing at lcaat three differential interference 
contract images of different amounts of retardation, 

wherein oaid optical apparatus is operated through a process for calculating a phase 
distribution from said at least three differential interference contrast images of different 
amounts of retardation and a process for using an optical transfer function of said imaging 
optical system for deconvolution processing of a calculated phase distribution, having a 
processing unit operated through a calculation process for detecting a phase distribution 
on said object by using the following equation: 

<l>(x,y) = ^/(^)/{l-[^/(xj;)]2/2} 
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where <pf d {xy) is a the phase distribution obtained by that has undergone the deconvolution 
proccooing operation and 0(x 5 y) is a the phase distribution on said the object. 

12. (Currently Amended) An optical apparatus comprising: 
an interference optical system having: 
a light source; 

an illumination optical path for loading that leads light emitted from said the light 
source into an object to be observed; and 

a reference optical path for leading that leads the light from said the light source to a 
reference surface; at%d 

an image pick-up member for photographing that picks up an interference image of said 
the object formed by said the interference optical system; and 

a computer. 

wherein said optical apparatus io operated through a proccoa for calculating the computer 
calculates out a phase distribution from a photographed an interference image picked up 
by the im age pick-up member and a calculation procooo for detecting detects a phase 
distribution on said a surface of the object by using the following equation: 

<D(x,y) = (Pi(x,y)/ {l-[<p f (x y y)]y2} 

where <p f (x,y) is a the phase distribution calculated out from said the photographed 
interference image and 0(x,y) is a phase distribution on said the surface of the object. 
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13. (New) A method for detecting physical amount of object, comprising: 
preparing a microscope optical system, the microscope optical system having a light 
source, an illumination optical system that leads light emitted from the light source to an 
object to be observed, and an imaging optical system that forms an image of the object; 

preparing at least one polarizing member for separating the light from the light source 
into two polarized components; 

preparing an adjusting member for changing an amount of retardation between the 
two polarized components; 

preparing an image pick-up member for picking up a differential interference contrast 
image of the object; 

picking up two differential interference contrast images of the object that have 
retardations equal in amount and different in sign with the image pick-up member; and 

making a computer to conduct a procedure, the procedure comprising the processes of: 

performing a difference operation and a sum operation for each pair of 
corresponding pixels in pictures of the two differential interference contrast images, to 
obtain difference image information and sum image information; and 

detecting an amount of phase <&(x,y) on a surface of the object corresponding 
to image information for each pixel by using one of the following equations: 

O *-{(l-cos0) - dixy)! a} / {sine • [1 - {d (xj/) / a} 2 / 2]} 

<D (x,y) = k * tan-i [{ (1 - cosO) • d (x,y ) / a}/{sin0 • [1 - {d \xy) I a}*/ 2]}] 
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where 0is the amount of retardation, D(xy) is the difference image information, SOt^y) 
is the sum image information, 0(x,y) is the amount of phase on the surface of the object 
corresponding to image information for each pixel, d(x,y) is image information that is 
yielded by deconvolution of the difference image information D(x,y) using an optical 
transfer function of the microscope optical system, a is an average value of the sum 
image information S(x,y), k = A/Ax, and X is a wavelength. 

14. (New) A method for detecting physical amount of object, comprising: 

preparing an interference optical system, the interference optical system having a light 
source, an illumination optical path that leads light emitted from the light source to an 
object to be observed, and a reference optical path that leads the light from the light 
source to a reference surface; 

preparing an image pick-up member for picking up an interference image of the 
object formed by the interference optical system; and 

detecting, with a computer, an amount of phase <£>(x,y) on a surface of the object 
corresponding to image information for each pixel using one of the following equations: 

O (x,y) = k • {h (x 9 y) I J m (x,y) } I {[ 1 - {h (x,y) I J m {x,y) }2 / 2]} 

O (x,y) = k - tan' 1 [k • {h (x,y) I J m (x,y) } I {[1 - {h (x,y) I J m {xy) } 2 1 2]}] 

where H{x,y) is image information that is a phase distribution of the object as picturized, h(x 9 y) 
is image information that is yielded by deconvolution of the image information H(xy) using 
an optical transfer function of the interference optical system, J(x,y) is image information that 
is an intensity distribution as picturized, JJxy) is image information in which maxima of the 
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image information J(xy) are enveloped, <&(x,y) is the amount of phase on the surface of the 
object, k = AJ4tt, and X is a wavelength. 

15. (New) A method for detecting physical amount of object, comprising: 

preparing a microscope optical system, the microscope optical system having a light 
source, an illumination optical system that leads light emitted from the light source to an 
object to be observed, an imaging optical system that forms an image of the object, and at 
least one polarizing member that separates the light from the light source into two 
polarized components; 

preparing an adjusting member for changing an amount of retardation between the 
two polarized components; 

preparing an image pick-up member for picking up a differential interference contrast 
image of the object; 

picking up two differential interference contrast images of the object that have 
retardations equal in amount and different in sign with the image pick-up member; and 

making a computer to conduct a procedure, the procedure comprising the processes of: 

performing a difference operation and a sum operation for each pair of 
corresponding pixels in pictures of the two differential interference contrast images, to 
obtain difference image information and sum image information; and 

detecting an amount of phase 0(xj/) on a surface of the object corresponding 
to image information for each pixel by using one of the following equations: 

®(x,y) = k- {(l-cos0)'d(xy)//?(x,y)} / {sin0il-{d(xy)//3(xy)}i/2]} 
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O (x,y) = k • tan 1 [{(1 - cos0) • d (x,y) I p{xy) } 

/{sin0[l-{d(xy)//3Qcy)}2/2]}] 

where 6 is the amount of retardation between the two polarized components, D(xy) is 
the difference image information, S (x,y) is the sum image information, 0(x,y) is the 
amount of phase on the surface of the object corresponding to image information for 
each pixel, d(x,y) is image information that is yielded by deconvolution of the 
difference image information D(x,y) using an optical transfer function of the 
microscope optical system, p{x,y) is image information in which maxima of image 
information S(x,y) are enveloped, k = XJAn, and X is a wavelength. 

16. (New) A method for detecting physical amount of object, comprising: 

preparing a microscope optical system, the microscope optical system having a light 
source, an illumination optical system that leads light emitted from the light source to an 
object to be observed, an imaging optical system that forms an image of the object, and at 
least one polarizing member that separates the light from the light source into two 
polarized components; 

preparing an adjusting member for changing an amount of retardation between the 
two polarized components; 

preparing an image pick-up member for picking up a differential interference contrast 
image of the object; 

picking up two differential interference contrast images of the object that have 
retardations equal in amount and different in sign with the image pick-up member; and 
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making a computer to conduct a procedure, the procedure comprising the processes of: 

performing a difference operation and a sum operation for each pair of 
corresponding pixels in pictures of the two differential interference contrast images, to 
obtain difference image information and sum image information; and 

detecting an amount of phase O (xy) on a surface of the object corresponding 
to image information for each pixel by using one of the following equations: 

<S>(xy) = k • {(l-cos0)-d(x,y)} / {sin0 • T (x,y) } 

<D <Xy) = k • tan 1 [k * {(l-cos#) • d (x,y)} / {sin#* r (x,y) }] 

where 6 is the amount of retardation between the two polarized components as detected, 
D(x,y) is the difference image information, S(x,y) is the sum image information, <I>(x,y) 
is the amount of phase on the surface of the object corresponding to image information 
for each pixel, d(x,y) is image information that is yielded by deconvolution of the 
difference image information D(x,y) using an optical transfer function of the 
microscope optical system, T{x,y) is image information that is composed of information 
of a low-frequency component extracted from the sum image information S(x,y), k = 
XIA7t 9 and X is a wavelength. 
17. (New) A method for detecting physical amount of object, comprising: 

preparing an interference optical system, the interference optical system having a light 
source, an illumination optical path that leads light emitted from the light source to an 
object to be observed, and a reference optical path that leads the light from the light 
source to a reference surface; 



Page 24 of 34 



Appl.No. 09/664,723 

Amdt dated September 15, 2003 (Mon.) 

Reply to Office Action of March 14, 2003 

preparing an image pick-up member for picking up an interference image of the 
object formed by the interference optical system; and 

detecting, with a computer, an amount of phase ®(xy) on a surface of the object 
corresponding to image information for each pixel using one of the following equations: 

0<Xy) = k • {h(x,y)/J c }/{[l-{h(xy)/J c p/2]} 

O (xj/) = k • tan-'[ k ■ {h (x,y) / J c } I {[1 - {h (x,y) / J c }2 / 2]}] 

where H(x,y) is image information that is a phase distribution of the object as picturized by 
the interference optical system, h(x,y) is image information that is yielded by decon volution 
of the image information H(x 9 y) using an optical transfer function of the interference optical 
system, J(x,y) is image information that is an intensity distribution as picturized, J c is an 
average value of maxima of the image information J(x,y\ <X>(x,y) is the amount of phase on 
the surface of the object, k=A/4x, and X is a wavelength. 

18. (New) A method for detecting physical amount of object, comprising: 

preparing an interference optical system, the interference optical system having a light 
source, an illumination optical path that leads light emitted from the light source to an 
object to be observed, and a reference optical path that leads the light from the light 
source to a reference surface; 

preparing an image pick-up member for picking up an interference image of the 
object formed by the interference optical system; and 

detecting, with a computer, an amount of phase ®(x,y) on a surface of the object 
corresponding to image information for each pixel using one of the following equations: 
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O (Xy) = k ■ { h (x,y) I J a (x ,y) } / { [ 1 - { h (x,y) I J Q (xy) } * I 2] } 

O (x,y) = k ■ tan-' [k • {h (xy) / J a (xy) } / {[1 - {h (xy) I J a (xy) } 2 /2]}] 

where H(x,y) is image information that is a phase distribution of the object as picturized by 
the interference optical system, h(x,y) is image information that is yielded by deconvolution 
of the image information H(x,y) using an optical transfer function of the interference optical 
system, J(x,y) is image information that is an intensity distribution as picturized, J a {x,y) is an 
average value of the image information J(x, y) as calculated for a predetermined region 
therein, <&(x,y) is the amount of phase on the surface of the object, k = XI An, and X is a 
wavelength. 

19. (New) A method for detecting physical amount of object, comprising: 

preparing an interference optical system, the interference optical system having a light 
source, an illumination optical path that leads light emitted from the light source to an 
object to be observed, and a reference optical path that leads the light from the light 
source to a reference surface; 

preparing an image pick-up member for picking up an interference image of the 
object formed by the interference optical system; and 

detecting, with a computer, an amount of phase <t>(x,y) on a surface of the object 
corresponding to image information for each pixel using one of the following equations: 

®(xy) = k - {h(x 9 y)/J L (x,y)}/ {[l-{h(xy)/J L (xy)}*/2]} 

«> (xjO - k * tair'f* ■ {h {xy)IJ L (xy) }/{[!- {h (xy)/J L (xy )} 2 / 2]}] 
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where H(x,y) is image information that is a phase distribution of the object as picturized by 
the interference optical system, h(x,y) is image information that is yielded by deconvolution 
of the image information H(x,y) using an optical transfer function of the interference optical 
system, J(x,y) is image information that is an intensity distribution as picturized, Jifay) is 
image information that is composed of information of a low-frequency component extracted 
from the image information J(x,y), <3>(x,y) is the amount of phase on the surface of the object, 
k = A/4/r, and X is a wavelength. 

20. (New) A method for detecting physical amount of object, comprising: 

preparing a microscope optical system, the microscope optical system having a light 
source, an illumination optical system that leads light emitted from the light source to an 
object to be observed, an imaging optical system that forms an image of the object, and at 
least one polarizing member that separates the light from the light source into two 
polarized components; 

preparing an adjusting member for changing an amount of retardation between the 
two polarized components; 

preparing an image pick-up member for picking up a differential interference contrast 
image of the object; 

picking up two differential interference contrast images of the object that have 
retardations equal in amount and different in sign with the image pick-up member; and 

making a computer to conduct a procedure, the procedure comprising the processes of: 
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performing a difference operation and a sum operation for each pair of 
corresponding pixels in pictures of the two differential interference contrast images, to 
obtain difference image information and sum image information; and 

detecting an a phase distribution <t>(x,y) on a surface of the object by using the 
following equation: 

0>(x,y) = <p(x,y)/ {l-[<p(x,y)?/2} 

where <p (x,y) is a phase distribution that is calculated from the difference image 
information and the sum image information and <&(x,y) is the phase distribution on the 
object. 

21 (New). A method for detecting physical amount of object, comprising: 

preparing a microscope optical system, the microscope optical system having a light 
source, an illumination optical system that leads light emitted from the light source to an 
object to be observed, an imaging optical system that forms an image of the object, and at 
least one polarizing member that separates the light from the light source into two 
polarized components; 

preparing an adjusting member for changing an amount of retardation between the 
two polarized components; 

a step of preparing an image pick-up member for picking up a differential interference 
contrast image of the object; 

picking up two differential interference contrast images of the object that have 
retardations equal in amount and different in sign with the image pick-up member; and 
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making a computer to conduct a procedure, the procedure comprising the processes of: 

performing a difference operation and a sum operation for each pair of 
corresponding pixels in pictures of the two differential interference contrast images, to 
obtain difference image information and sum image information; 

processing the difference image information with a deconvolution operation 
using an optical transfer function of the imaging optical system; and 

calculating out a phase distribution from the difference image information that 
has undergone the deconvolution operation and the sum image information, to detect a 
phase distribution <t>(xj/) on a surface of the object using the following equation: 

O (x,y) = <p d (x,y) i {1 - [<p d (x,y)] 2 / 2} 

where #/(x,y) is the phase distribution calculated out from the difference image 
information that has undergone the deconvolution operation and the sum image 
information and <D (x,y) is the phase distribution on the surface of object. 

22. (New) A method for detecting physical amount of object, comprising: 

preparing a microscope optical system, the microscope optical system having a light 
source, an illumination optical system that leads light emitted from the light source to an 
object to be observed, an imaging optical system that forms an image of the object, and at 
least one polarizing member that separates the light from the light source into two 
polarized components; 

preparing an adjusting member for changing an amount of retardation between the 
two polarized components; 
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preparing an image pick-up member for picking up a differential interference contrast 
image of the object; 

picking up at least three differential interference contrast images that have different 
amounts of retardation with the image pick-up member; and 

detecting, with a computer, a phase distribution ®(x,y) on a surface of the object from 
the at least three differential interference contrast images by using the following equation: 

(x,y) - <Pf( x >y) 1 0 - [<Pf(*>y) ] 2 / 2} 

where <p/(x,y) is a phase distribution calculated out from the three differential interference 
contrast images and 0(x,y) is the phase distribution on the surface of the object. 

23. (New) A method for detecting physical amount of object, comprising: 

preparing a microscope optical system, the microscope optical system having a light 
source, an illumination optical system that leads light emitted from the light source to an 
object to be observed, an imaging optical system that forms an image of the object, and at 
least one polarizing member that separates the light from the light source into two 
polarized components; 

preparing an adjusting member for changing an amount of retardation between the 
two polarized components; 

preparing an image pick-up member for picking up a differential interference contrast 
image of the object; 

picking up at least three differential interference contrast images that have different 
amounts of retardation with the image pick-up member; and 
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making a computer to conduct a procedure, the procedure comprising the processes of: 

calculating out a phase distribution from the at least three differential 
interference contrast images that have different amounts of retardation; and 

processing the phase distribution with a deconvolution operation using an 
optical transfer function of the imaging optical system, to detect a phase distribution 
0(x,y) on a surface of the object using the following equation: 

<i>(x,y) =<PfA*y)/ {\-[<P f Ax,y)] 2 l2} 

where q>f d (x,y) is the phase distribution that has undergone the deconvolution operation 
and <D(x,y) is the phase distribution on the object. 

24. (New) A method for detecting physical amount of object, comprising: 

preparing an interference optical system, the interference optical system having a light 
source, an illumination optical path that leads light emitted from the light source to an 
object to be observed, and a reference optical path that leads the light from the light 
source to a reference surface; 

preparing an image pick-up member for picking up an interference image of the 
object formed by the interference optical system; and 

making a computer to conduct a procedure, the procedure comprising the processes of: 

calculating out a phase distribution from the interference image picked up by 
the image pick-up member; and 
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detecting a phase distribution on a surface of the object by using the following 

equation: 

d> (x,y) = <p t {x,y) I { 1 - [<p p / 2} 

where <p f (x,y) is the phase distribution calculated out from the photographed 
interference image and 0(x,y) is a phase distribution on the surface of the object. 
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